Objectives: To describe and evaluate notified scorpion envenomation incidents in children and adolescents in the Brazilian state of Minas Gerais between 2001 and 2005, and to calculate the incidence and mortality and identify factors related to fatal outcomes.
Introduction
Scorpion stings are a public health problem in some of the states in Brazil, with large numbers of cases notified each year, traditionally in the states of Minas Gerais and São Paulo. [1] [2] [3] Scorpion envenomation still causes deaths in Brazil, despite the availability of antivenom and advances in critical care medicine, which plays an important role in severe cases.
The majority of stings occur during hot rainy months, [2] [3] [4] have a benign course and a lethality of 0.58%. Deaths have been linked to an increased frequency of children 2 under 14 years of age being stung by Tityus serrulatus. 1 Scorpions are carnivorous animals that primarily feed on insects. 5 They have nocturnal habits and spend the day hidden in dark and humid places, 1,2 and can be encountered inside houses, in domestic rubbish, behind skirting and in cellars and attics. 5 They can enter residences via the sewage system. 6 Tityus serrulatus lives for 3 to 5 years and can survive for many months without food or water. It reproduces by parthenogenesis. 3, 6 These characteristics have made it very difficult to combat, since they make dispersal of the species more likely.
The venom causes adrenergic and/or cholinergic substances to be released. 7, 8 Recent studies have detected high levels of cytokines in circulation, which may participate in the genesis of the changes caused by scorpion envenomation. 9 Patients are generally agitated with localized pain, sialorrhea, diaphoresis and vomiting, and may become torpid or comatose. They may present conditions ranging from mild tachypnea to acute pulmonary edema (APE). 10 There will often be tachycardia. Occasionally, arrhythmia and transitory systemic arterial hypertension, 11 arterial hypotension and even circulatory shock, which is generally cardiogenic, will also be observed. 7, 8, 11 The Scorpion envenomation in Minas Gerais -Guerra CM et al.
In 40% of the sample it was possible to identify the species; 87% of these patients had been stung by Tityus serrulatus. No correlation was detected between scorpion species and severity of clinical status. Of those cases where the place that the accident occurred was recorded, 7,797 (57%)
were in urban areas and 5,910 (43%) were in rural areas. The odds ratio that a patient stung in a rural area would die was 2.48 times greater than when the accident occurred in an urban area (p < 0.001).
The age group that suffered most accidents was 5 to 9 years, with 4,217 cases (29%); the age group least affected was less than 1 year old, with 405 cases (3%). There were 2,912 cases (20%) in the 1 to 4 years age group; 3,624 cases (25%) in 10 to 14-year-olds; and 3,248 cases (23%) in the 15 to 19 years group, (p < 0.001).
With relation to the clinical manifestations, 95% of the patients described pain on admission and 27% suffered vomiting (Table 1) .
With relation to severity of the cases, 60% were considered mild, 23% moderate and 7% severe, while 10% were of unknown severity. The majority of severe cases (77%) were children less than 9 years old. The younger the age the more severe the event (p < 0.001).
A linear relationship was identified between case severity classification and the frequency of death, i.e., the more severe the case classification, the greater the number of deaths. The severe cases had an odds ratio for the likelihood of death that was 820.47 times than the mild cases (Table 2 ).
In addition to the increase in the number of cases notified over the years, there was also an increase in the number of Lethality varied according to age group, being greatest among patients aged 1 to 4 years. The odds ratio for the likelihood of death among these cases was 24.36 times greater than for patients aged 15 to 19 years (Table 3) .
Of the 14,406 cases of scorpion envenomation, 8, 254 (57%) were given specific antivenom. Among the mild cases, 42% (3,613 patients) were given antivenom, while 92% Scorpion envenomation in Minas Gerais -Guerra CM et al.
The multivariate analysis identified five factors that were significantly related to increased mortality from a statistical perspective (Table 4) .
Each extra hour's delay before first medical care increased the odds ratio for the likelihood of death by 9%. The odds ratio for the likelihood of death for the severe subset was 46 times greater than for the mild and moderate subset. The odds ratio for the likelihood of death among hypotense patients was 2.7 times greater than for patients without hypotension on admission. The odds ratio for the likelihood of death increased by 13% for each year by which patient age reduced. The odds ratio for death for patients with respiratory failure on admission was 6 times greater than for patients without this symptom.
The municipality with the greatest occurrence of scorpion envenomation incidents was Belo Horizonte, followed by Governador Valadares and then Montes Claros. The greatest incidence was in Conceição das Alagoas (629/100,000 inhabitants); the greatest mortality in Pavão (0.1310/1,000 inhabitants); and the greatest lethality was in the municipality of Santa Luzia (14.29%). 
Discussion
The progressive increase in notifications that was detected by this study may be the result of a more efficient system, but it could also be due to an increasing number of incidents.
In Brazil, Tityus serrulatus is considered an opportunistic scorpion species, i.e. it survive natural selection by having greater ecological plasticity and because it multiplies rapidly.
This explains its wide distribution across areas of Southeast
Brazil and part of Bolivia, via the state of Rondônia, 20 which had not been described before.
The greatest number of incidents occurred in the state capital Belo Horizonte. This city was built on scorpion-infested land, 3, 11 with quarries, ravines, marble mines and old buildings. The scorpions are constantly being evicted from their natural habitat by the city's growth. Living side-by-side with the human population means that the risk of incident is very high. 3, 4 With relation to the predominance of cases in hot and humid months, there is a report that scorpions are more active during these periods, primarily as a result of reproduction. 4 There was no correlation that had significance from a statistical perspective between the species of scorpion identified and the severity of the clinical case. This is probably due to the small percentage of cases in which the species were identified (40%), with predominance of Tityus serrulatus in 87% of identified cases, and also due to the small number of "other species" (13%).
The age group least affected was < 1 year, which agrees with a study carried out in Belo Horizonte between 1990 and 1997. 3 In that study, children less than 1 year old accounted for 0.1% of the study population, which is because exposure to high-risk places is necessary for incidents to occur. At this age, children are more restricted to their cots and pushchairs or are being held or are on the floor of the residence.
There is consensus that scorpions do not only attack and sting when they feel threatened, which explains the high number of stings to upper limbs (46%) while handling dangerous material, which turns out to house or hide scorpions, generally dark and humid places. The majority of the severe cases (77%) affected children under 9 years old, which is attributable to the higher proportion of venom injected with relation to body surface area, resulting in higher concentrations in serum. 21 According to
Rezende et al., the severity of a scorpion sting is related to the concentration of the venom in plasma. 22 It is known that several factors have an effect on lethality in different regions and countries (lethality is 7.6% in Tunisia 23 and 23% in Nigeria), 24 Although the increase in lethality described in the literature for the extremes of age was not observed, children less than 1 year old did have an odds ratio for the probability of death that was 12.55 times greater than the adolescents aged 15 to 19 years.
The unfavorable outcomes among patients who arrived at admission in a severe condition is the result, among other causes, of the higher serum concentration of the venom and increased bonding to its areas of activity, already having initiated pathological changes. The increased length of time before first medical care (antivenom) allows more and more venom to bind to its sites of activity, which can worsen prognosis, since the antivenom neutralizes venom in circulation.
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The majority of Brazilian and international authors use antivenom therapy and accept its efficacy. In contrast, Gueron, from Israel, is the most enthusiastic author who claims they are ineffective. 25 In this wide-ranging discussion, certain factors should be taken into consideration. It is known that in order to achieve the greatest efficacy from antivenom, it should be species-specific, well-conserved, administered as early as possible 1, 13 and at a dosage that is sufficient to neutralize all of the venom in circulation. 22 Generally, to guarantee fast neutralization of the venom, antivenom will be given intravenously, 26 rapidly and with no premedication to avert supposed reactions to it. 1, 13 In a study carried out at a center of excellence in Israel, Bentur et al. 27 stated that the different species associated with the majority of mild cases (primarily in the north and central regions of Israel) and the rapid absorption of the venom from the species responsible for the greatest severity (Leiurus quinquestriatus) explained the lack of efficacy of antivenom in that country and was why it is not used there.
This study has emphasized the importance of using scorpion antivenom in Brazil, since delays in administering it were directly correlated with increased numbers of deaths.
Many of the patients with mild scorpion envenomation among the cases studied for this analysis were given scorpion antivenom, which suggests this treatment is being abused. It could also suggest that cases are being incorrectly classified in terms of severity or that patients arrived with mild symptoms on admission and progressed to more dangerous forms, changing classification, and therefore requiring antivenom therapy.
The use of antivenom in mild cases may imply unnecessary risks and expenses for patients and institutions. Of the 28,672 ampoules used during the period studied, 10,959 were used for mild cases, greatly increasing treatment costs. The current cost of each ampoule is R$ 21.24, and so R$ 232,769.16 was spent on mild cases.
Sixteen patients with severe cases were not given specific antivenom. This raises the suspicion that the treating professional lacked knowledge, that there was no antivenom at the treatment center or that severity was classified incorrectly on admission.
Incidence rates were much higher in small municipalities, which, although the absolute number of cases was smaller, indicates a high risk for such small populations. Since incidence is a relative population index, it allows better comparisons between populations, reflecting differences in health (socioeconomic) status between towns.
Lethality was inversely proportional to the total number of cases. In Belo Horizonte, lethality was 0.16%, while in Montes Claros, which had the third highest number of incidents, there were no deaths from scorpion envenomation during the period. It is known that, in areas with a greater incidence, in addition to appropriate infrastructure and trained services, the population themselves are also aware of the severity of incidents and the urgent need for medical treatment. In small municipalities, in addition to possible transportation delays, there may also be a lack of preparation to deal with isolated cases, influencing prognosis.
Despite the large sample and the fact that it covers 5 years, this study is limited by being based on retrospective analysis of a database populated from varying sources (different health professionals), some incomplete. There is also the possibility of typing errors and of under notification in certain regions.
Conclusions
The results of this study have revealed an increase in the number of notified cases of scorpion envenomation in the state of Minas Gerais over the five-year period. Incidents predominantly affected males, occurred during hot and rainy months and were generally secondary to stings by Tityus serrulatus.
The observed lethality was low, but increased time between being stung and first medical care, younger age of victims and cases classified as severe were all factors related to death.
